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Two experiments were conducted to assess the nature 
and extent of children's knowledge about the density of objects. In 
the first experiment, 18 children 3- to 5-years-old were shown 8 
objects which were placed in water 1 at a time. The children were 
later asked to judge whether the objects would sink or float when 
placed in water. Findings indicated subjects were sensitive to 
substance, with high accuracy in their judgments for objects made of 
metal; errors were not connected to size or absolute weight. However, 
a large number of errors occured, particularly in regard to the 
heaviest wooden object, which suggests that subjects' judgments were 
linked to the weight of an object relative to its substance. Such 
judgments may indicate the core of a concept of density. Experiment 
2, while controlling for volume, explored whether children were 
likely to judge floatability by substance, absolute weight, or 
relative weight. Participants were 10 college students, five 
6-year-olds, and five 4-year-olds. All showed that neithe*' absolute 
weight nor substance was the basis for their floatability judgments. 
Adults and children made the most errors on the same small number of 
objects which were near the boundary between floatability and 
sinkability. Findings suggest that a rudimentary concept of density 
exists which depends neither on simple, heuristic rules, nor on 
prior, perhaps even more simple concepts, such as that of weight. 
(RH) 
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Oo(?5 the Conceot o-f Densitv Develoo'^ 
Judaments o-f Sinl-ina and Floatina 

■■PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 

Afny S. \ ohn and [Barbara Landau 
Columbia IJni v'ersitv 

TO THE EDUCATIONAL RESOURCFS 
INFORMATION CENTER (ERIC) - 

Does a child's knowledoe o-f basic ohvsical orooerties a row 
and chanae with dcveloDment? Piaaet suaaests children's knowledoe 
develooment is analoaous to scienti-fic theorv development- 
characterized bv distinct Qualitative chanaes (Piaqet and 
Inhelder, 1948/1974). A recent studv reoresentina this view 
concerns chi 1 dren ' s knowl edoe o-f den si t v. Fol 1 owi no Fi aaet and 
Inhelder. Smith. Carev, and Wiser. (1985). araued that density 
becomes a -functionina conceot -for the child onlv a-fter 
di-f -f erentiation -from its closelv linked conceots size and 
wei aht - 



In a seri es o-f exoer iments. Smith et al asked chi Idrc-n to 
judae which o-f a pair o-f objects was made o-f a "heavier stu-f-f". 
Cr itical oairs con tain ed a sma 11. relativelv liahtweiaht object 
made o-f dense material, and a larae. relatively heavy object made 
o-f less dense material. Youna children's errors showed svstematic 
intrusion o-f weiaht into the densitv judaments. For e^tamole. -four 
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vear-oJ ds tvpicallv ludaed heavier ob iects to be made of "heavier 
stu-f-f"* while in -fact, these were made o-f a less dense material - 
In contrast, eiaht vear-olds iudaed objects that were fighter 
but made o-f a denser material to be made ot "heavier stuff", 
indicatina that thev had seoarated weiaht from den-3itv. 

HowGVcn- . SiT«3 hh et - mav hf^ve? unrJt'rt?£sl- 1 mat ed children s 
knowledae of densitv. In their studv. the critical oairs directly 
oitted weioht aaainst densitv- Since accurate estimates of 
densitv reauire accountina for both an obiect's volume and its 
weiaht. children's failures could have been due to difficultv in 
makina these estimates, (and consequent over-reliance on weiaht)- 
rather than difficulties with the concept of densitv itself. 
These oroblems mav persist into adulthood, but do not necessarilv 
comoromise a basic understandina of the prooertv of densitv. 

Usina a somewhat different method, we explored the 
passibilitv that children miaht demonstrate their knowledae of 
densitv in ludaments of whether obiects will sink or float in 
water. Hi stor i cal 1 v . aur earliest formalined knowledne of densitv 
appears throuah Archimedes' discoverv of water displacement as a 
function o densitv. Each substance has a soecific densitv which 
determines whether it will sink or float: substances that are 
denser than water sink, while those that are less dense than water 
float. Accurate oredictions of an object's floatabilitv cannot 
^reiv on weiaht alone; weiaht for volume, or the densitv of a 
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substance must be considered and comDared to the dens] tv of the 
-floatina medium. The -fact that even vouna children have e^'censive 
e)(Derience -floatina ob lects in water makes plausible that thev 
miaht revoal their ^nowledae of dens3 tv throuah such a procGdure. 

In our -first e'-^ioer i mE-nt . eiahteen chi 1 dre>n were ^-vhown m 
series of S ob iect<? Dlaced one at a time in water- and vjere later 
a^ked to ludoe whether rhese same obiect^ would =>ln^ or float. 
Eiaht subjects were 3 vear olds (between 36 and 41: months of aae; , 
and ten were 4 1/2 to 5 vears old (between 56 and 65 months) - 
Children were aiveii a ore-test to verifv that thev could use the 
words sink and float correctlv. 

The 8 obiect set was desianed to comoletelv cross 3 factors: 
smkabilitv of material (dense: metal and clav: not^dense : 
plastic and wood), size/weioht (small and liaht: larae and 
heavv) , and ob lect tvpe (bal 1 : sDoon) . See Figure 1- Chi Idren 
could make .ludaments based on anv of these 3 reaular oroperties- 
After seeina each obiect placed in water, each child ludaed for 
each object, one at a time, whether it would float or sinK After 
each ludament, the object was aaain Dlaced in water, aivina the 
child feedback about her/his response. The set of eiqht ob,iects 
was ludaed twice, for a total of 16 resDonses per subiect. 
Followina their par t i c i oat i on in the studv, each child was ast ed 
whv thev thouaht obiects sink or float in water. 
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Number o-f correct oredictions showed that 5 vear — olds 
Der-formed almost oer-fectlv and better than 3 vear-olds (mean j-2 
errors -for 5 vear-olds: 2.4 errors -for 3 ve^r-olds: F = 6.83. p 
.05. d.f. = 15). Eiaht 5 vear — olds and three 3 vear-olds 
D€?rformed non-r andoml v , judaina at least 12 out o-f 16 trials 
correct Iv (d .05. binomial test). 

Further, oer-formance uTioroved r(?]iablv durino the second set 
o-f trials (mean di-f-ference O.S errors -for 5 vr-olds: 0.75 errors 
-for 3 vr-olds: comoarison across trials F = d .01. d.-f. = 

16). suaaestina that both the 3 and 5 vear — olds learned somethina 
about which objects sink and -float durina the -first trial set. 

O-f course, some o-f the hiah level o-f oer-formance could be due 
to the testina orocedure : since children actual Iv saw each obiect 
Dlaced into water orior to test trials, thev could have simolv 
memorialed which ones -floated and which sank. However, memorv 
ef-fects cannot ej^olain error patterns. 

The children's errors were not lln^.ed to obiect tvoe, sir:e. 
or absolute weioht. See Fiaure 2. However, there were some 
indications that substance miaht have been a factor; more errors 
were made on wood than metal oblects (t = 1.56. d .07, d.f. = 
14)- with Darticularlv larae number of errors on the heaviest 
wooden object. 



One Darticularlv intriauina pos^Jibilitv that the larae 
number o-f errors on this obiect we-^s due* to the child tat ina into 
account the obiect's weiaht -For 1^:5 si^ubstance. In -fact, ludaments 
biased on c^ooarent substance alone e^re 1 nade^auahe: ebonv wood 15 a 
wood, loots liie a wood- but sints. Further, absolute weioht i^u 
ai courses, inadequate: "[-ieavv" 3 c?rao dig^cps o-F wood float, c^^nd so 

do h^^* tt I eshl DS. 

Recal 1 that the children's errors in this e^^peri ment were not 
linl-ed to absolute weiaht- The most -freauent errors were made on 
the absolutely heaviest wooden object (the larae wood ball) and 
the absolutely liahtest plastic object (the small -foam ball). I-f 
errors were linked to absgl^ute^wei qht thev would have to be 
clustered on one end. or perhaos the center o-P - the weiaht 
soectrum. I-f oer-formance was linked to rel at 1 ve_wei ght — the 
weiaht o-f an object relative to its substance — this would seem 
to indicate the core o-F a conceot o-f density, as densitv is 
soeci-fied in terms o-f the weiaht o-f a oarticular volume o-f a 
substance relative to the weiaht o-f water in the same volume. 

There-fore, in a second exoeriment- we ast ed whether children 
were likelv to ludae -f 1 oat abi 1 1 tv bv substance, absolute 
weight, or bv r el at 1 ye^wei^ght (weiaht -for substance , perhaps; - 
while controllino -for volume. Onlv relative weiaht would be 
consistent with true knowledae of densitv : iudaments bv 
substance alone would lead to problems with ebonv wood, judaments 



bv absolute weioht would lead to predictions that Dennit?s should 
vloat. But .ludaments bv relative weioht would indicate that 
sub lects knew that thev must take into account both substance and 
weioht -for a oiven voluii^e- 

Tn this eNoeriment- sub lects were? aste-d to oredict the 
•float -r^bi ] i tv o-f a set oi v;oode?n objects and or^e o-f fTit?tallie 
Ob lects 03 ven the behavior o+ a wood or a metal standard- In each 
o-f the two obiect sets, sine atid object tvoe were constant while 
weioht relative to a standard varied- Two sets o-f objects were 
constructed- See Fioure 3. 

In the wooden set- a 2" X 2" X 1 1/S" oine block o-f 44 
orams served as the standard- Th^ test series was then seven 
wooden blocks o-f the same sine as the standard varvino in weiaht 
-from 27 to 69 arams- One block was identical to the standard. 
Two o-f the blocks varied both substance and weioht- with one bloc^. 
made o-f balsa (27 orams) and one o-f oat (69 orams)- Two blocks 
varied substance (balsa- oak) while keeoino weioht constant, bv 
hollowino or weiohtina the blocks- And the last two blocks kept 
sub?;tance constant (pine), while varvino weioht — one block was 
hollowed (35 o. ) . and one -filled with lead weiahts (57 o. ) . 

In the metal set a 2" X 2'* X 3/4" aluminum bloc^- o-f 203 arams 
was the standard- The test series was seven metallic blocks o-f the 
same size varvino in weiaht -from 121 to 328 orams- Aaain- one 
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bloci-: was identical to the standard, while 2 varied both weiaht 
and substance ( d1 ejc i a 1 ass - 121 orams: steel, 329 crams)- Two 
blocks varied substances- but not weicht, and two varied weiahts 
but not substance, bv weiahtina or hollowinc aluminum (245 and 162 
crams- resoec 1 1 vel v ) - All ob lects in the wooden set were caoabJ e 
of float IRQ. while? those in thfi?- metallic seh would all ^ink it 
D laced in w£ite'r- 

Ten Columbia Universitv students were thi- adult sub lects in 
the second studv. Five 6 vear-olds (mean ace 6:3 )- and -five 
4 vear-olds (mean ace 4;8 ), participated as subiects in 

their homes- Four vear-olds were qiven a pre— test to veri-fv that 
thev could use the words "sink" and "-float" correctlv- 

Each subject was aiven the standard, and asked to olace it in 
a basin o-f water. The standard was then taken out of the water 
and left in front of the sub.iect. and the basin of water was 
removed. The subiect then saw the 7 objects in the test series. 
(6 novel and 1 standard) - and was asked to oredict for each if it 
would sink or float- No feedback was aiven after the oredictions. 
Each subject made oredictions for each object twice, for each of 
the two obiect sets, for a total of 28 oredictions. 

Number of correct oredictions showed that adults performed 
better than the children, with mean error scores of 0.6 errors 
^ for adults, 4.4 errors for 6 vear-olds, and 5.2 errors for 4 
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vear-olds. out of 28 trials. (F = 8.83. d • .01. d . -f' . = 2>. The 
4 and 6 vear olds did not di-f + er reliablv -from each other. The 
sub iect s h 1 oh ] evel oi oer-f ormance coul d in orinciDle. be due to 
simole he^uristics- such as "all wood floats" and "all metaJ sinks" 
— since, in -fact, these statements were true of our test obiects. 
Hov^ever . t?rror ,?nalv?5es suaae^^t both the children'^ and adult 9 
i-fiowl f-'dnej wE-nt bevond these sirnnlE:' rule.-e;- 

Both adults and children made the most errors on the same few 
obiects. As seen in Fioure 4. it was the heaviest wooden obiects 
and the liohtest metallic objects that oave all subiects the most 
difficultv. This result is oarticularlv interestino because the 
two wei oht distributions do not overlao- Therefore, subjects are 
not makina a ludament based on absolute weioht. or on a simole 
substance-based rule. . 

Seven of the ten adult subiects showed Perfect performance. 
This indicates that adults acceot a ranoe of densities within 
which obiects will float or sink. That is, not evervthino that 
floats must be as liaht as a feather. Althouoh thev made more 
overall errors, the children showed ouite similar resoonses to the 
adults. In oarticular. cases which near the boundarv between 
floatabilitv and sinkabilitv seem to create problems for adults 
and chi 1 dr en . For ex amo le, when an object made of wood i s 
e);cessiveiv heavv for its volume (compared to the standard), more 
errors occur — that is. the subject ludaes the object to sink 
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even thouah it reallv -floats. Similarlv, when a metal obiect is 
excess! velv liaht -for its volume, the subject judaes the object to 
float even thouah it reallv sln^•s. 

Manv children snontaneousl v o-f-f ered rules o-f hhe sort « "ai] 
metal thinos sin^", but thpv onlv obeved the^e rules with the most 
"orototvpic" obiects : the- JiahLest, wooden objects, and the 
heaviest metallic obiects were alwav's ludoed correctW, while the 
heavv wooden and liaht metallic objects elicited the most errors. 

This r el at 1 vi r: 1 no o-f weiaht can be seen in an analvsis o-f 
errors across object tvoe — most errors occured on "abnormal" 
obiects : those which weiah much more than the wood standard -for 
the same volume (verv heavv wood), or much less than the metal 
standard ^or the same volume (verv liaht metal). Performance is 
per-fect -for all age arouos on "suoer-normal " objects : verv light 
wooden objects, or heavv, metal ones. (F = 33.5, p < .01, d . -f . = 
2, IS. no errors on "suoer-nor mal " objects, -few errors on "normal 
ones, manv errors on "abnormal" obiects). 

In sum. children did not oer-form randomlv in judaments o-f 
whether obiects made oi different materials sink or -float. In the 
-first exoeriment. thev indicated a sensitivitv to substance, with 
hi ah S(CCL\rs(CV in their judaments -for objects made o-f metal, and 
errors not tied to size or absoli»!:e weiaht. However, a larae 
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number o+ errors occured on esoeciallv heavv wooden obiects, 
SLiaaestina a Possible rel at ] vi n i no o-f weiaht -for substance 
under I vino these ludaments. 

In the second e):Der i ment . all sub lects ?;howed that neither 
absolute^ weiaht nor "absolute sub^stance" w^^s the- br^sis ior 
•f i OcxtaLa 1 i tv uidcia»f -r i . Rc^ther. thf_-v seemed to be tafina intr. 
account an obiect's weiaht within a normal ranae -for obiects iTiadi-.^ 
o-f that substance. The errors on this task suaaest that subject 
should be auite accurate in rather count er-i nt ui 1 1 ve , odd ^ 
real-world cases: thev should correctly judae that ebonv wood 
sinks, even thouah it's a wood, and that tin -foil -floats, even 
thouah it's metal. This seems to be evidence -for at least the 
rudiments o-f an independent concept o-f densitv that does not 
depend on simole heuristics, such as. "all wood -floats", or orior 
oerhaos simoler concepts, such as weiaht. 




Experiment 1 : Stimulus Set 



Small, 
Relatively 
Light Objects 
(1" in diam., 
X < 4" long 
16g>x>0.9 g) 



Large, 
Relatively 
Heavy Objects 
(3-4" in diam. 
X > 5" long 
215g>x>12g) 



Floating Materials 
(Wood, Plastic) 



Sinking Materials 



Plastic Spoon (1 gram) 


Metal Spoon (3 grams) 


Foam Ball (1 gram) 


Metal Ball (15 grams) 


Wooden Spoon (13 grams) 


China Spoon (39 grams) 


Wooden Ball (66 grams) 


Clay Ball (214 grams) 



Figure 1 



ERIC 



12 




Figure 2 



13 



Experiment 2 : Stimulus Set 



Wooden Objects 
(all float) 



Substances differ 


44 




27 




69 


Weights differ 


grm 







standard balsa oak 
pine 



Substances differ 
Weights equal 



47 



46 



weighted hollowed 
balsa oak 



Substances equal 
(apparently) 



Weights differ hollowed weighted 

pine pine 
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Metallic Objects 
(all sink) 



203 




121 




329 



standard plexiglass steel 
aluminum 



196 



weighted 
plexiglass 



203 



hollowed 
steel 



162 



hollowed 
aluminum 



245 



weighted 
aluminum 



Results : Experiment 2 




27 35 44 46 47 57 69 
Supernormal Normal Abnormal 



121 162 
Abnormal 



197 203 203 
Normal 



245 328 
Supernormal 



Weight (in grams) 



Figure 4 
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